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(57) A! methodiand! apparatusifor! treating! skin! In- 
cludes! applying! pulsed! I ighH to! the! skin! to! heat! and 
shrinking! collagen! withinithe! skin,! thereby! revivingithe 
elasticityioflthe! collage n!and! of! the!skin.!The!epidermis 
and! outer! layers! of! the! skin! may! be! protected! by! cooling 
with! a! transparent] substance,! such! as! Ice! or! gel,! to! the 
skin.! The! temperatu redistribution! within! theiskin! is! con- 
trolled! by! controlling! the! delay! between! the!time!the 
coolanti Is! applied,! and!the!time!the! lighti is!applied,! by 
controlling! the! pulse!duration!and!applying! multiple! puls- 
es,!and! by! filtering! the! lightiand! controlling! the! radiation 



spectrum,! preferably,!the! spectrum! includes! the! light 
having!a!wavelength!in!the! range! of! 600- 1200nm.!The 
pulsed! lighti may! be! incoherent,! such! as! that! produced 
by!a!flashlatnp! (301 ),!or!coherent,!such!as! that! produced 
by!a!Nd(Yag)! lasetiotia! ruby! laser,! and! may! beidirected 
to! theiskin! using! a! flexible! or! rigid! lightiguide! (305). 

Also,!a!method!and!apparatus!foticutaneous! resur- 
facing! including!directing!Er.YAG! laser! lighti to! theiskin. 
The! light' may! be! pulsed, preferably with! a! delay! of! about 
0.5-1 Omsed between! pulses.! Inioneiembodimentithe 
pulses! haveienergyifluences! of!preferably!abouti100J/ 
cm 2 , 
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Description 

The! present! invention! relates! generally! to! the! art! of 
skinitreatmenti using electromagnetic radiation. More 
particularly,! the! invention! relates! to! an! efficienti method 
and! apparatusifori skin! rejuvenation! by! ablation! oflthe 
outer! layer! of! the! skin! and! wrinkle! smoothing! (or! shrink- 
ing)! by! heating! ofl collagen! without! damage! toithe! epi- 
dermis. 

There! is! a! strong! desire!today!to!obtain! and/or! main- 
tain!a!youthful appearance. One!manneriof!doing!so!ls 
to! remove! (ori reduce)! wrinkles.! Additionally! it! Is! desira- 
ble to rejuvenatelthe skin!by!removing!an!outeiilayeriof 
skin.! There! are! known! techniquesifor! removing! wrinkles 
by! peeling! the! skin.! Also,! there! are! known! methodsifor 
rejuvenating! theiskin.! Unfortunately, ! all! knownitech- 
niq ues! suffer! from! lack! of! efficacy! and! risk! to! the! patient 

One! known! method-oflskin! rejuvenation! includes 
injection! of! collagen! underneath! the! skin.! This! has! been 
performed! using! a! bovine! collagen! injection.! Fori exam- 
ple,! microfine! collagen! has! been! Injected! Into! periocular 
lines.! Some! oflthe! problems! with! collagen! injection! in- 
clude,! allergy! to! collagen! and! lack! ofl longevity .! Also,! of- 
ten!there! is! only! partial! eradication! oflthe! wrinkles. 

Peeling! mosti ori all! ofl the! outer! layer! ofl the! skin! is 
another! known! method! ofl rejuvenating!the!skin.! Peeling 
can! be! achieved! chemically,! mechanically! or photother- 
mally.! Chemical! peeling! is! often! carriediouti using! trichlo- 
roacetic! acid! and! phenol.! An! inabilityito! control! the! depth 
oflthe! peeling,! possible! pigmentary! change! and! risk! of 
scarring! are! among! the! problems! associated! with! chem- 
ical peeling. 

The! mechanical! method! is! calleditranscutaneous 
blepharoplasty! and! involves! shaving! offl the! outer! layer 
ofl skin.! Skin! resection! during! lower! lid! blepharoplasty 
frequently! results! in! undesirable! side! effects,! especially 
ectropion! and! scleral! show.! Moreover,! transcutaneous 
blepharoplasty rarely! eradicates! all! ofl the! wrinkle! lines. 

Pulsed! carbon! dioxide! laser! treatment! is! a! known 
photothemhal! method! ofl removing! ofl periocular! wrin- 
kles.! However,! laser! light! is! heavily! absorbed! in! water 
and! has! a! veryishorti range! In! the! epidermis.! Thus,! a 
high! fluence! with! shorti pulse! durations! will! evaporate 

the! outer! layer! oflthe! skin! and! peels! most! ori all! oflthe 
epidermis. 

The! use! ofl C0 2 laser! lightifor! skin! rejuvenation! also 
has!undesirable!side effects. Foriexample,!C0 2 lasers 
haveismall! spotisize! (3mm! ori less),!and!thus!theiri use 

causes! valleysiand! ridges,! particularly! when! resurfacing 
large! areas.! Also,! iti Isidifficultito! control! heat! diffusion, 
and!thus!the!resultanti necrosis! isidifficultito! predict! and 
control.! Additionally,! scaritissue! absorbs! CO 2 laser! light 
differently! than! normal! skin! and! thus! may! adversely! Im- 
pact! such! a! treatment. 

Thus,! it! is! apparent! there! is! a! needifora! new! method 
and!device!with!which!itiis!possible!to! produce efficient 
wrinkle! removal! and! skin! rejuvenation.! This! apparatus 
would! preferably! be! able! to! control! the! treatmenti param- 



eters! according! to! characteristics! of! the! tissue,! and! be 
easily!tunable.!The!new! method! and! device! would! pref- 
erably! provide! efficienti wrinkle! smoothing! and! skin! re- 
juvenation! with! minimal! side! effects. 

5 I n! accordance! with! one! aspect! ofl the! in vention! a 

method! and! apparatus! fori treating! skin! includes! apply- 
ing! pulsed! light! to! the! skin! to! heat! and! shrinking! collagen 
within! the! skin, ithereby! reviving! the! elasticity! of! the! col- 
lagen! and! ofl the! skin.! In! one! em bodimentithe! method 

ro also! Includes! protectingithe! epidermis! and! outer! layers 
oflthe! skin! by! cooling! the! epidermis! and! outer! layers! of 
the! skin.! The! cooling! may! be! accomplished! by! applying 
a! cooled! trans pa rent! substance,! such! as! ice! ori gel,!to 
theiskin. 

r 5 ln!one!alternative!embodimentithe!skin!is!cooled!by 
applying! theitransparenti substance!to!the!skin!and!then 
cooling! it. 

In! another! alternative! embodimenti the! temperature 
distribution! within! the! skin! Is! controlled! by! controlling! the 

20 delay! betweenithe! timeithe! coolant! is! applied,! andithe 
ti me! the! light! is! applied.! A! microprocessor! may! be! used 
foridetermining!the!delay!time!in response'toa selected 
ski n!temperature!profile.! Additionally ,!the! temperature 
distribution! may! be! controlled! by! control linglthe! pulse 

25 duration! and! applying! multiple! pulses.! In! another! em- 
bodimenti the temperature distribution! within! the! skin! is 
controlled! by! filtering! the! lighti and! controlling! the! radia- 
tion! spectrum.! Preferably,! the! spectrum! includes! light 
having! a! wavelength! in! the! range! of! 600 1 200nm. 

so In! another! embodimenti the! pulsed! light! may! be! In- 

coherent,!such! asithati produced! by! a! fiash lamp,! ori co- 
herent,! such! asithati produced! by!an!Nd(Yag)!laserioria 
ruby! laser. 

In! another! embodimenti the! lighti is! directed! to! the 

ss skin! using! a! flexible! ori rigid! lighti guide. 

In! accordance! with! a! second! aspecti oflthe! invention 
a! method! and! apparatus! fori generating! a! temperature 
distribution! inside! a! region! ofl skin! having! a! maximum 
temperature! ati a! selected! depth! includes! cooling! the! ep- 

40 idermis! and! outer! layers! ofl the! skin! and! applying! pulsed 
lightito! theiskin. 

In! one! embodiment! the! cooling! is! accomplished! by 
applying! a! cooled! transparent! substance,! such! as! gel 
oriice,!to!the!skin.!Alternatively,!the!cooling!may be ac- 

45 complished! by! applying!the!transparenti substance,! and 
then! cooling! it. 

The! temperature! distribution! isifurtheri controlled! in 
one! embodimenti by! controlling! the! delay! betweenithe 
cooling! and! the! lighti application.! In! another! embodiment 

50 the! distribution! is! controlled! by! controlling! the! pulse! du- 
ration! and/or! applying! multiple! pulses. 

In! accordance! with! a! third! aspecti oflthe! invention! a 
method! and! apparatus! fori cutaneous! resurfacing! in- 
cludes! directing! Er.YAG! laser! lighti to! the! skin.! The! light 

ss may! be! pulsed, preferably with a! delay! ofl about 
0.5-1 Omsed between! pulses.! In! one! embodimentithe 
pulses! have! energy! fluences! ofl preferably! about! 100J/ 
cm 2 , 
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In! accordance! with! aifourth! aspect! ofl the! invention 
an! apparatus! fori the! cutaneous! resurfacing! of! a! region 
oflskin,! including! skin! resurfacing! or! wrinkle! smoothing, 
Includes! an! incoherent! lighti source! such! as! a!flashlamp 
and! an! Er.YAG! laser.! The! laser! can! be operated in! a 
multiple! pulse! mode.!A! delivery! system! delivers! the! In- 
coherenti lighti and! laser! lighti to! the! region! to! be! treated, 
and! the! region! may! be! cooled. 

Other! principal! features! and! advantages! of! the! in- 
vention will becomelapparent to!those!skilled! In!the!art 

upon! review! of! the! following! drawings,! the! detailed! de- 
scription! and! the! appended! claims. 

Figure! 1! shows! a! temperature! distribution! achieved 
inside! the! skin! after! a! co Id! fluid! was! applied! to! the 
skin, !fori a! plurality! of! different! time! delays! after! the 
application! of! the! cold! gel; 

Figure! 2! shows! a! temperature! distribution! achieved 
by! precooling!the! skin! and! applying! the! light! source; 
Figure! 3! is! a! schematic! illustration! of! the! flash lamp 
lighti source! according! to one! preferred! embodiment 
of!the!presenti Invention;! and 
Figure! 4! shows! a! normalized! output! filtered! radia- 
tion! spectrum! of! a!flashlamp! light! source. 

Before!explaining!at!leastione embodiment oflthe 
invention! in! detail! it! is! to! be! understood! that! the! Invention 
is! noti limited! in! its! application! to! the! details! of! construc- 
tion! and!the! arrangement! oflthe! com ponents!setiforth! in 
the! following! description! or! illustrated! in!the! drawings. 
The! invention! is! capable! ofl other! embodiments! or! being 
practiced! ori carried! out! in! various! ways.! Also,! it! is! to! be 
understood! that! the! phraseology! and! terminology! em- 
ployed! herein! is! for! the! purpose! oi! description! and 
should! not! be! regarded! as! limiting. 

The! invention! relates! to! a! new! method! and! appara- 
tus! ofl re moving! wrinkle! and! rejuvenating! skin.! General- 
ly, in accordance! with! this! Invention,! wrinkles! are 
smoothed! or! reduced! by! collagen! molecules! shrinking 
and! increasing! the! elasticity! oflthe! skin! and! collagen, 
using! a! short! heating! impulse! (thermal! shock).! Tissue 
i s! h eated! at! a! d ept h! ofl u p! to! a! few! millimeters!by!light 
radiation, ! while! the! skin! is! externally! cooled! atitheisur- 
lace! to! avoid! overheating! the! epidermis.! The! epidermis 
may! be! cooled! in! a! variety! ofl ways,! including! applying 
a! precooled! (i.e.,! a! temperature! less! than! the! ambient 
temperatu re)! transparent! su bstance! such! as! ice! or! cold 
gel! to! the! skin.! The! cold! substance! should! coo I! the! skin 
before! and! during! treatment.! The! lighti (electromagnetic 
radiation)! is! applied! to! the! skin! in! pulses! shortly! after! the 
application! oflthe! cooling! material.! Alternatively,! the! fluid 
or! gel! could! be! applied! to! the! skin! or! skin! surface,! and 
then! cooled! (using thermoelectric cooler,!e.g.)!shortly 
beforeithe! application! of! the! pulsed! light! to! the! skin. 

The!lightisource!will preferably! providela spectrum 
such! thati the! optical! depth! ofl penetration! into! the! tissue 
is! oflthe! order! ofl Imm! or! more.! Also,! the! lighti source! will 
preferably be!able!to!provide pulses! havingifluences of 



the!ordeiiofl100J/cm 2 and peak!power!of theiorderiof 
1000W/cm 2 , A!spotisize!oflthe!order! ofl 10mm! Is! prefer- 
able,! to! reduce! scattering! losses. 

Laserilightisources!thatishould!be appropriate In- 
5 elude! a! Nd(Yag)! laser,! a! ruby! laser,! an! alexandrite! laser, 
diode! lasers! and! others! will! be! suitable.! Incoherent! light 
sources! such! as! a! xenon! flashlamp! should! also! be! ap- 
propriate. 

A! method! for! cutaneous! resurfacing! (skin! rejuvena- 
ro tlon)! in! accordance! wit hit he! present! Invention! includes 
use! ofl an! EnYAG! laser! light,! which! has! a! most! efficient 
wavelength! of!2.94um.!Because!the!absorption!depth 
ofl an! EnYAG! laser! in! skin! Is! very! small! (less! than! 20 
microns),! it! may! be! difficult! to! ablate! to! a! depth! oflthe 
rs order! of! 100! microns! or! more! (typical! of! the! epidermis) 
with! it.! However,! a! deeper! depth! ofl peeling! can! be 
achieved! by! extending! the! pulse! length! oflthe! laser. 
While! this! Is! hard! to! achieve! using! an! Er.YAG! laser! due 
to! the! inherent! short! level! lifetime,! by! providing! a! few 
20 pulses! with! a! variable! delay! betweenithe! pulsesithis! lim- 
itation! may! be! overcome.! Evaporated! tissue! layer! thick- 
ness! may! be! controlled! byithe! number! ofl pulses! and 
variation! ofl pulse parameters and! delay! between! puls- 

25 es.iThe! invention! also! relates! to! an! apparatus! using! a 
flashlamp! light! source,! or! any! other! source! with! appro- 
priate! parameters,! for! smoothing! wrinkles,! without! dam- 
agingithe! epidermis.! Also,! an! ErYAG! laser! is! used! for 
efficient! skin! rejuvenation! by! removal! oflthe! epidermis. 

30 Generally,! the! device! Includes! a! flashlampithati can 
provide! a! pulsed! lighti in! the! range! ofl 600-1 200nm!for 
heating! ofl collagen,! a! filter! system! thati can! cut! off! the 
radiation! spectrum! below! approximately! 600nm,! a! light 
guideithati can! provide! an appropriate spot! size! and! can 

35 provide! fluences! ofl the! order! ofl 1 00! J/cm 2 , and! an! Er. 
YAG! laser! with! pulse! energy! oflthe! order! of! 1 J,! which 
can! be! operated! in! multiple! pulse! mode! with! delays! be- 
tween! pulses! ofl less!than!50msec!foriskin! rejuvenation 
(by! skin! ablative! peeling). 

4e Inione alternative a!lightisource!such!as!a!Nd(Yag) 

laser! or! ruby! laser! with! appropriate! parameters! could 
replace! the! flashlamp. 

This! apparatus! is! very! useful! fori wrinkle! removal 
and! skin! rejuvenation.! A! flashlamp! lighti source,! partic- 

45 ularlyiwhen! used! with! external! cooling! ofl skin! surface, 
will! generate! a! temperature! distribution! inside! the! skirt 
which! has! a! maximum! at! depth! dependent! on! the! light 
and! cooling.! Consequently,! it! is! possible! to! heat! colla- 
gen! molecules! without! damaging! the! epidermis.! The 

50 temperature! distribution! ln!the!skin!is!responsive!to!the 
delay! time! betweenithe! cooling! and! application! of! light, 
selection! ofl pulse! parameters! andithe! radiation! spec- 
trum.! Accordingly,! appropriate! control! ofl these! parame- 
ters! allows! control! ofl the! temperature! distribution.! An! Er. 

55 YAG! laser! operated! in! multiple! pulse! mode! Is! very! effi- 
cientiforicutaneous! resurfacing procedures and!also!en- 
ables!control!ofldepth!of evaporation. Thus,!the appa- 
ratus! Is! safe! with! little! risk! ofl accidental! injury! to!the!op- 
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oratoriand! patient. 

Asistated above, wrinklesimay be!smoothed!by 
shrinking! collagen! molecules! using! pulsed! heating.! The 
present! Invention! method! Is! realized! by! heating! ofl tissue 
to! depths! ofl up! to! a! few! millimeters! by! light! radiation! In 
association! with! external! cooling! of! skin! outer! surface 
to! avoid overheating of!epidermis.!The! epidermis! may 
be!cooled! using! many! methods.!One preferred method 
is! the! application! of! a! previously! cooled! transparent! mat- 
ter! like! ice! ori cold! gel! on! the! skin! which! cools! the! skin 
before!and!during!treatment.!A temperature distribution 
inside! the! ski nlsimilaii to! one!shown! in! Figure! 1!is!created 

a! shorti time! (oflthe! order! ofl 1! second)! after! the! applica- 
tion! ofl the! cooled! material. 

As! may! be! seen,! the! distribution! is! such! thati the! ep- 
idermis! and! the! outer! layer! ofl the! skin! are! colder! than 
the! more! deeper! pa rt! oflthe! skin.! However,!the! applied 
lighti heats! up! the! superficial! parts! oflthe! skin! more! than 
the! inner! parts,! because! ofl the! attenuation! ofl lighti en- 
ergy! fluence! by! depth,! and! due! to! higher! absorption! of 
light! byithe! epidermis. 

After! heating! a! temperature! distribution! such! as! that 
shown! In! Figure! 2! results.! As! may! be! seen ,!the! deeper 
parts! ofl the! tissue! are! heated! up! to! a! temperature! suf- 
ficientito! cause! collagen! shrinking,! buti without! damag- 
ing! the! outer! parts! ofl the! skin! (epidermis). 

The temperature distribution! generated! prioritoithe 
application! ofl light! (Figure! 1)! is! a! function! oflthe! Initial 
temperature! of! the! cooling! material! and! the! delay! time 
between! the! application! oflthe! cooling! material! and! the 
application! ofl light! By! varying! this! time! the! depth! ofl pen- 
etration! ofl the! 'coo I! front ' can! be! varied.! When! collagen 
that! is! deeper! needs! to! be!treated!withouti influencing 
the! superficial! skin,! a! longer! delay! time! between! the! ap- 
plication! oflthe! coolantiand!the! lighti can! be! used.! When 
the! superficial! collagen! needs! to! be!treated,! a! shorter 
delay!time!can!be!used. 

Ina! typical! treatmenti the! doctor! applies! the! cold! gel 
to! the! skin! before! treatmenti and!then!applies!the! light 
source.! In! accordance! with! one! embodimenti oflthe! in- 
vention, ! the! treatment! device! Indicates! to! the! doctor 
whenithe! lighti source! needsito! be! applied! after! applica- 
tion! oflthe! cooling! material,! to! achieve! a! desired! tem- 
perature! distribution.! A! microprocessor! thati controls! the 
lighti generating! device! may! also! generate! a! timing! sig- 
nal! fori the! doctor! to! accomplish! this! aspecti ofl the! inven- 
tion. 

Theiapplicants have determined!thatia!lightisource 
havingithe! following! parameters! is! suitable! fori imple- 
menting! the! invention. 

Lighti radiation! should! penetrate! into! a! tissue! ati a 
millimeter! depth.! Examples! ofl lighti sources! which! meet 
the! parameter! include! flashlamp,! diode! laser,! Nd(Yag) 
laser! and! ruby! laser. 

Optical! poweri should! be! on! the! order! ofl 1 00-1 000 
W/cm*. 

Fuuence! should! be! on! the! order! ofl 30-1 50! J/cm 2 , 
Spoti size! should! be! on! the! order! ofl a! few! millimeters 



to!some!centimeters,!preferably!variable!over!a'range. 

A detailed description! ofl one preferredlembodiment 

will! be! described! with! reference! to! Figure! 3.! As! shown 

in! Figure! 3,! a! treatmenti device! 300! Includes! a! flashlamp" 
s 301!which!can! be operated inipulse mode, a reflector 
302! which! forms! a! light! beam! and! conducts! iti to! a! light 
guide! 305! through! afilteri system 303 and 304.! Reflector 
302! is located Iniatreatment head (orihousing) 306. 
Filter! system! 303! and! 304! may! Include! one! ori more 

r0 filters! which! cut! off! the! radiation! spectrum! at! approxi- 
mately 550(or 600 )-800nm.! Filter 303!provides reflec- 
tion! oflthe! parti ofl unused! incidenti radiation! and! avoids 
overheating! ofl absorbing! filter! 304.! Absorbing! fitter! cuts 
off! radiation! ati approximately! 550-800nm.! Flexible! light 

rs guide! 305! can! be! interchanged! with! a! rigid! lighti guide 

made! outi ofl quartz! ori otheri types! ofl high! optical! quality 
glass.! Treatmenti head! 305! is! usefulifori treating! large 
areas. 

According!to!one!embodiment,!the!lightienergy!is 
20 applied!to!the!skin!using!a!train of pulses. !One!advan- 
tage of applying! a!train!oflpulses! is! thatitheiepidermis 
cools! relative!to!the!layer 0 f collagen!thatils!heated!in 
the! treatment.! Preferably,! the! apparatus! produces! a 

train! of! pulses! with! variable! delays! between! pulses! in 
25 theirange of lO'sitoMOO'sioflmilliseconds. 

The! total! numberi ofl pulses! peri pulse! train! can! also 
be! varied.! More! specifically,! fori a! patient! with! higheriskin 
absorption! due! to! heavier! skin! pigmentation! a! larger 
numberioflpulses!peritrain!is preferably used. 
30 Similarly, !the! pulse! duration! ofl each! pulse! I n!the!. 
train! can! also! be! varied! in! order! to! enable! cooling! ofl the 
epidermis! withouti cooling! the! collagen.! In! any! event,! the 
total! dose! to! the! treated! area! is! the! product! of! the 
numberi ofl pulses! and! the! fluence! peri pulse.! The! pulse 
35 duration,! and! train! length! are! controlled! in! one! embod- 
imenti by! a! microprocessor! 309.! As! shown! on! Figure! 3, 
microprocessor! 309! provides! control! signals! to! pulse 

forming! network! 3 10.! Pulse! forming! network! 3 10! (gen- 
erally! ofltheitype! described! in commonly!owned!U.S. 

40 Patenti No.! 5,405,368,! which! is! incorporated! herein! by 
reference)! provides! pulse! to! flashlamp! 30 1 . 

The! radiation! spectrum! can! be! controlled! by! filter 
system! 303!and! 304.! Additionally! (orialternatively),! the 
spectrum! of! radiation! can! be! controlled! by! varying! the 

45 current! density! through! theiflashlamp.! Ifl deeper! heating 
is! required! a! longer! wavelength! radiation! is! used.! Pulse 
duration! may! be!varied!in!the! range! ofl a!few! milliseconds 
to!a!few!ten sioflmilliseconds. 

Other! embodiments! ofl the! presenti invention! include 
so the! use! ofl lasers! (those! having properfpenetration), 
which! can! also! be! very effective to! smooth! wrinkles.! For 
example, !a!flashlamp pumped Nd(Yag)! laseiioperating 
ati 1.06pm! can! provide deep penetration! andithus! be! ef- 
fective.! The! laser! may! be! operated! in! the! pulsed! train 
ss mode, preferably by!pulsing!the!flashlamps!that!are 
used! to! pump! the! laser.! Similarly,! a! ruby! laser! may! be 
used .!However,!the! pulse! duration! can noti be! made! too 
long! due! to! the! limited! value! ofl the! lifetime! oflthe! lasing 
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level! oflthese! lasers.! ln!the!lasetiembodiment,! the re! Is 
no! need!for!filters!since! the! light! is! monochromatic! Also 
this embodiment' does not require the! useiofla! rigid! light 
guide!since!flexible!lightiguides!are!readily!available!for 
laser!applications!and!a! lowidivergence! laser! beam! can 
be!easily!focused!into!a!small!diametetioptical!fiber.!The 
use! ofl multiple! pulses! may! be! particularly! useful!to!over- 
come! the! limited! lasing! level! in! the! laseiiembodimentiof 
theiinvention. 

The! cutaneous! resurfacing! method! Iniaccordance 
withithe! present] Invention! includes!an!Er..YAG! laser 
light, whose! radiation! hasian! absorption! depthiofl much 
less!tnan!thatioflC0 2 laser! radiation,!oflthe!ordetiofl 50 
micron! is! used.! Despiteithe! relatively! lowiabsorption 
depth,!an!appropriate! peeling! depth! is! reached! by! pro- 
viding multiple! pulses.! The!thickness!oflthe! layer! of 
evaporated tissue! may! be! controlled! by! the! numbeiiof 
pulses,!the!delay! between! pulsesiand! varying! pulse! pa- 
rameters. 

Er:YAG! lasers! produce! radiation! ofl 2. 94pm,! withian 
energy! per! pulse! ofl up!to!1J.!Absorption!depth! ofl the 
radiation! is!typically!abouti10um.!Thus,!to evaporate an 
epidermis,!a!train!oflpulses!should! be! usedJTypica I! de- 
lay! betweenithe! laser! pulses! should! be! inithe! range! of 
0.5-1 0msec! The! timeishould! preferably! be!shorter!than, 
oiion!the!order! of ,!the!epiderm is! thermal! relaxation! time. 

Thus,! iflshould! beiapparent! that! there! has! been! pro- 
vided! in! accordance! with! the! present] invention! a! treat- 
mentidevice! that] includes! a! flashlampior! a! near! infrared 
pulsed! laser! inianother! embodiment,! an! Er:YAG! laser 
and! a! coupler! that! fully! satisfy! the! objectives! and! advan- 
tages! set] forth! above.! AlthougNthe! invention! has! been 
described! in! conjunction! with! specific! embodiments 
thereof,! it! is!evident!that! manyialternatives,! modifica- 
tions! and! variations! will! be! apparent] to! thoseiskilled! in 
the! art.! Accordingly,! iti is!intended!to! embrace!all!such 
alternatives,! modifications! and! variations! that] fall! with in 
theispiritiand! broad! scope! ofltheiappended! claims. 



Claims 

1 . An!apparatus!fotitreating!a!region!oflskin!compris- 
ing! a! pulsed! light] source! (301),! a! housing! (306)! in 
whichithe! light] source! is! disposed, !wherein!the 
housing! (306)! includes!an!aperture!suitable! for! di- 
recting! the! light] to! the! region! oflskin,!and!character- 
ised! in! that! the! pulsed! lightisource! is! capable! of 
heating!and!shrinking! collagen! inithe! region! of! skin, 

thereby! reviving! the! elasticity! oflthe!collagen!and! of 
the! skin. 

2. An!apparatus!as!claimed!in!claim!1!further! including 
a! timing! circuit! coup led! to! the! pulsed! light] source, 
adapted! to! indicate! when! aidelay! time! has! passed 

after!an!application!ofl a! cooling! substance! tdthe 
skin region. 



3. An!apparatus!as!claimed!in!claim!1!or!2!further!com- 
prisi ng! a! microprocessor! (309)! coupledito! the 

pulsed!light!source forideterminingithe delay time 
in!response!to!a!selected!skin!temperature!profile. 

a 

4. An!apparatus!as!claimed!in!claim!2!oticlaim!3!when 
appended to! claim! 2! further! comprising! a! means! for 
reducing! the! temperature! of! the! coolingisubstance, 

wherein! the! cooling! means! is disposed!to! provide a 
io signal indicative!oflcooling!to!the timing! circuit. 

5. An!apparatus!as!claimed in!any!one!oflclaims!1!to 
4!furtheti comprising! a! pulse! formation! circuitiand! a 
pulseiduration! input,! wherein!the!pulse!duration!cir- 

15 cult! Is! coupled! to! the! pulsed! lightisource! and! is 
adapted! to! control!the!duration! oflpulsesiemitted! by 
the! pulsed! lightisource! in! response! to! the! pulseidu- 
ration! input. 

20 e. An! apparatus! as! claimed! in!any!one!of!claims! 1!to 
5! wherein! the! pulsed! light] source! includes! a! nonco- 
herenti lighti source. 

7. An! apparatus! as! claimed! in!any!one!of!claims! 1!to 
25 6 further! Including!a!filter (303,!304) disposediadja- 
centitoithe! aperture,! wherein! a temperature distri- 
bution! within! theiskin! is! controlled! in! response! to!a 
radiation! spectrum! produced! by! filtering! the! light 

so 8. An!apparatus!as!claimed!in!any!one!of!claims! 1!to 
7!furtheri including! a! lightiguide (305)!disposed!ad- 
jacentito!the!aperture. 

9. An! apparatus! as! claimed! in!any!one!of!claims! 5! to 
ss 8!furthetiincluding!a!pulse!delay!circuitiadapted!to 
produce! aidelay! inithe! range! ofl 0.5-1 0msec! be" 
tween! successive! pulses! ofl lighti emitted! by! the 
pulsed! lightisource! pulses. 

40 10. An! apparatus! as! claimed! in!any!one!of!claims! 1!to 
9! wherein! the! light! sou rce!is!adapted!to! provide 
pulses! havingienergy! fluences!on!the!order! ofl 100J/ 
cm 2 

45 1 1 .A!cosmetic!treatmentiofla!region!oflskin!comprising 
the! steps! ofl applying! pulsed! light,! heating! collagen 
andishrinking! collagen,! thereby! reviving! th eielastic- 
ity!oflthe!collagen!and!oflthe! skin. 

so 12.A!cosmetidtreatmentias!claimed!ln!claim!11!further 
comprisingithe! step! ofl protecting! theiepiderm island 
outerllayers! ofl theiskin! by! cooling! the!epidermis!and 
outer! layers!oflthe!skin. 

55 1 3. A! cosmetic! treatment! as! claimed! in! claim! 1 2! in 
wh ich! the! step! ofl cooling! includes! the! step! oflapply- 
ing!a!transparentisubstance! having! altemperature 
less!than!an!ambient!temperature,!to!the! regionlof 
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the! skin. 

1 4.! A! cosmetic! treatmenti as! claimed! in! claim! 13! further 
including!the! step! ofl controlling! a! delay! time! be- 
tween! the! application! of! the! substance! and! theap- 
plication!ofllight;!to!control!the temperature distribu- 
tion! withinlthe! skin. 

1 S.!A! cosmetic! treatment! as! claimed! in! any! one! of 
claims! 1 1!to! 14!furthericomprising!the! steps! of! con- ro 
trolling! a! pulse! duration! and! applying! multiple! puls- 
es!to! control! a! temperature! distribution! within! the 
skin. 

16. AJcosmetidtreatmenti as! claimed! in! any! one! of r5 
claims! 1 1!to! 15! wherein! the! step! of! applying! pulsed 
light! includes! the! step! of! pulsing! a! noncoherent! light 
source. 

17. A! cosmetid treatment! as! claimed! in! any! one! of 20 
claims! 1 1!to! 1 6! further! including! the! step! of! control- 
ling!the! radiation! spectrum! by!filtering!the!lightito 
control! a! temperature! distribution! within! the! skin. 
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